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ABSTRACT 

The  in  vitro  adherence  of  N.  meningitidis  isolates  and  N.  gonorrhoeae  colonial 
types  to  human  embryonic  kidney  (HEK)  cells  was  examined.  Two  of  five  serogroup  B 
nasopharyngeal  N.  meningitidis  isolates  of  different  serotype  adhered  to  HEK  cells,  after 
one  subculture  from  their  initial  isolation.  Ail  of  the  isolates  possessed  substantial 
numbers  of  pili  after  one  subculture,  and  these  results  suggest  that  pili  are  not  the  sole 
mediators  of  adherence  of  N.  meningitidis  to  HEK  cells.  Both  pili  and  the  ability  to 
adhere  were  lost  during  seven  subculturings.  N.  gonorrhoeae  colonial  type  T,  cells  were 
found  to  readily  adhere  to  HEK  ceils  and  to  be  heavily  piliated.  Non  piliated  N. 
gonorrhoeae  colonial  type  T«  cells  were  incapable  of  adherence  to  HEK  cells. 
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INTRODUCTION 

Most  bacterial  infections  of  man  and  animals  have  their  beginnings  on  the 
mucosal  surfaces  of  the  respiratory,  gastrointestinal,  and  urogenital  tracts.  It  is  on  these 
surfaces  that  a  bacterial  pathogen  has  to  proliferate,  and/or  overcome  host  defence 
mechanisms,  compete  with  host  commensal  microorganisms,  and  penetrate  into  the  body 
before  disease  becomes  evident.  Adherence  of  bacteria  to  mucosal  surfaces  may  be  of 
fundamental  importance  in  the  disease  process  and  adherence  of  a  variety  of  bacteria  has 
received  considerable  attention  in  recent  years  (1-8). 

By  far  the  most  intensive  research  on  bacterial  adherence  has  concerned  Neisseria 
gonorrhoeae.  Kellogg  et  al.  (9)  demonstrated  that  four  main  colonial  types  can  segregate 
after  initial  isolation,  and  that  these  colonial  types  differed  in  virulence.  Colonial  types  1 
and  2  have  been  shown  to  differ  from  types  3  and  4,  in  that  they  possess  pili  (10),  are 
more  virulent  (9),  and  adhere  more  readily  to  a  variety  of  animal  cells  (11,  12,  13,  14). 
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These  studies  have  provided  indirect  evidence  that  pili  mediate  adherence  to  tissues,  and 
thus  constitute  a  virulence  determinant  of  N.  gonorrhoeae.  The  ability  of  isolated 
gonococcal  pili  to  agglutinate  human  erythrocytes  (IS),  and  the  concomitant 
transformation  of  piliation  and  virulence  into  N.  gonorrhoeae  type  4  (16)  further 
strengthens  this  hypothesis.  The  studies  of  Baron  and  Saz  (16)  indicate  that  at  the  very 
least  pili  production  is  a  marker  for  a  virulence  determinant.  However,  antigen(s) 
distinct  from  pili,  and  involved  with  gonococcal  cell  interactions,  must  exist,  since  pili 
were  found  to  play  only  a  minor  role  in  the  association  of  gonococci  with 
polymorphonuclear  neutrophils  (S,  17),  and  non-piliated  forms  of  gonococci  have  been 
shown  to  adhere  to  other  cell  types  (11,  13). 

In  our  own  laboratory,  we  are  interested  in  the  roles  that  surface  structures  (e.g., 
pili)  might  play  in  the  virulence  of  A/,  meningitidis.  To  this  end,  we  are  investigating 
models  for  the  study  of  virulence  factors.  This  report  describes  results  obtained  using  a 
human  embryonic  kidney  (HEK)  cell  adherence  model.  The  adherence  of  N. 
gonorrhoeae  colony  types  was  also  examined  for  purposes  of  comparison  (a  preliminary 
report  of  this  study  was  presented  at  the  20th  annual  meeting,  Canadian  Federation  of 
Biological  Societies,  1977). 

MATERIALS  AND  METHODS 

Preparation  of  Bacteria  for  Adherence  Studies 

N.  gonorrhoeae  strain  74002  (obtained  from  the  Laboratory  Centre  for  Disease 
Control,  National  Health  and  Welfare,  Ottawa,  Canada)  was  grown  on  GC  agar  (Difco, 
Detroit,  Michigan),  supplemented  with  Isovitalex  (Baltimore  Biological  Laboratory 
(BBL),  Cockeysville,  Md.),  at  35°C,  in  an  atmosphere  of  5%  COa  in  air.  Colonial  types 
T,  and  T<  were  allowed  to  segregate,  and  were  selectively  transferred  until  colonial  type 
stability  had  been  achieved  (18).  The  colony  types  were  lyophilized.  Growth  from  the 
lyophilized  cultures  displayed  approximately  95%  colonial  type  purity  after  18  h  growth. 
Loopsfull  of  the  appropriate  colony  types  were  suspended  in  neisseria  chemically  defined 
medium  (NCDM)  (Grand  Island  Biological  Company,  Grand  Island,  N.Y.  (GIBCO)), 
and  were  resuspended  with  glass  beads  (S  mm  diameter)  for  15  sec.  The  resulting 
suspensions  were  passed  through  cotton  filters  to  remove  clumps  of  bacteria. 

N.  meningitidis  isolates  were  obtained  by  means  of  cotton  swabs  from  the  throats 
of  5  healthy  male  recruits  at  Canadian  Forces  Base  St.  Jean.  All  isolates  were  found  to 
be  serogroup  B  N.  meningitidis,  and  have  been  designated  SJ-1749,  SJ-1766,  SJ-1770, 
SJ-1776,  and  SJ-1779.  The  swabs  were  immediately  placed  in  tubes  containing  3  mL 
trypticase  soy  broth  (BBL)  and  10%  dimethyl  sulphoxide  (Fisher  Scientific  Co.  Ltd., 
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Canada),  frozen  in  dry  ice  and  held  at  -  60°C  until  required.  The  tubes  were  rapidly 
thawed  at  45°C  and  the  swabs  were  streaked  on  Columbia  blood  agar  (CBA)  (Columbia 
blood  agar  base  (G1BCO),  with  4%  defribrinated  sheep’s  red  blood  cells,  and  Isovitalex), 
containing  VCNT  antibiotic  mixture  (GIBCO;  vancomycin  3  pg  per  mL,  colistimethate 
7.5  pg  per  mL,  nystatin  12.5  U  per  mL,  trimethoprim  5  pg  per  mL).  Cultures  were 
incubated  as  for  N.  gonorrhoeae.  After  18  h  incubation,  single  colonies  were  transferred 
to  fresh  plates  and  grown  for  18  h,  checked  for  purity,  and  prepared  for  adherence 
studies  in  the  same  manner  as  for  N.  gonorrhoeae.  The  cultures  were  also  transferred 
daily  for  7  days  and  re-examined  for  their  ability  to  adhere  to  HEK  cells. 

Cell  counts  in  bacterial  suspensions  were  determined  as  colony  forming  units  after 
plating  on  CBA. 

The  serogroup  B,  N.  meningitidis  strains  isolated  from  recruits  were  serotyped  in 
accordance  with  the  system  of  Frasch  and  Chapman  (19,  20, 21)  by  the  ELISA  method  as 
described  earlier  (22).  Antisera  were  raised  in  male  Belted  Dutch  rabbits.  Serotypes  were 
as  follows:  strains  SJ-1749  and  -1770  (serotype  7),  strain  -1776  (serotype  8,  6,  7),  strain 
-1779  (serotype  11,  7)  and  strain  -1766  (serotype  6,  7). 

Preparation  of  HEK  Cell  Cultures  for  Adherence  Studies 

Primary  cell  suspensions  of  HEK  were  obtained  from  GIBCO.  Monolayers  were 
grown  in  glass  roller  bottles  (1500  cm*.  New  Brunswick  Scientific  Co.,  New  Brunswick, 

N.  J.),  at  35°C  in  an  atmosphere  of  5 %  C02  in  air,  using  supplemented  Hank’s  minimal 
essential  medium  (MEM)  (Flow  Laboratories,  Rockville,  Md.,  containing  10%  fetal  calf 
serum  (FCS)  (GIBCO)  and  100  U  per  mL  penicillin-streptomycin  (BBL)).  The 
monolayers  were  trypsinized  (0.05%  trypsin  (BBL)  at  pH  8.0  and  35°C),  the  cells  were 
washed  once  in  MEM,  and  the  washed  cells  were  resuspended  at  approximately  10‘  cells 
per  mL  in  MEM  plus  10%  DMSO.  The  cell  suspensions  were  then  frozen  at  -  20°C  for 
1  h,  followed  by  -  70°C  for  4  h,  and  held  at  -  100°C  until  required. 

Frozen  cells  were  thawed  rapidly  at  45 °C,  and  were  washed  and  resuspended  at 
approximately  10*  cells  per  mL  in  RPMI  (Flow;  RPMI  1640  medium,  with  glutamine, 
hepes  buffer,  10%  FCS,  and  100  U  per  mL  penicillin-streptomycin).  Tissue  culture 
chamber-slides  (Lab-Tek®  ,  8  chamber,  Miles  Laboratories,  Westmont,  Ill.),  containing 

O. 5  mL  RPMI  per  chamber,  were  inoculated  with  0.05  mL  of  HEK  cell  suspension.  The 
slide  cultures  were  incubated  at  35°C  in  an  atmosphere  of  5%  CO*  in  air  for  24  h.  The 
medium  was  then  replaced  with  fresh  RPMI  and  incubation  was  continued  for  a  further 
24  h.  This  technique  produced  well  separated  cells  adhering  to  the  glass  slide  at  the 
bottom  of  the  chambers.  One  hour  prior  to  use,  the  medium  was  replaced  with 
antibiotic-free  RPMI. 
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Evaluation  of  N.  meningitidis  and  N.  gonorrhoeae  Adherence  to  HEK  Cells 

HEK  cell  cultures  were  washed  in  situ  with  0.5  mL  NCDM,  and  overlaid  with 
0.2  mL  of  a  bacterial  suspension  (approximately  107  cells  per  mL  in  NCDM).  At  0.5  h 
intervals,  over  3  h,  the  bacterial  suspensions  were  removed  and  the  HEK  cell  cultures 
were  washed  twice  with  0.5  mL  NCDM,  and  stained  with  Giemsa’s  stain  for  30  min.  The 
cultures  were  then  examined  and  photographed  using  a  Zeiss  Photomicroscope  III  (Carl 
Zeiss  Inc.,  Canada).  Experiments  reported  here  were  repeated  at  least  2  times  for  each 
bacterial  isolate. 

Electron  Microscopy 

Samples  of  bacterial  suspensions  were  taken  onto  carbon-coated,  parlodion- 
backed  grids,  stained  with  0.1%  phosphotungstic  acid,  and  examined  in  an  AEI  EM6-B 
electron  microscope. 

RESULTS 

Adherence  of  N.  meningitidis  Isolates  to  HEK  Cells 

High  numbers  of  cells  of  two  of  the  five  N.  meningitidis  isolates  (SJ-1749  and 
SJ- 1 779)  were  found  to  adhere  to  HEK  cells.  Adherence  was  readily  observed  within  30 
min  of  incubation  and  increased  during  the  3  h  incubation  period.  Greater  than  90%  of 
the  HEK  cells  had  high  numbers  of  meningococci  (>  100  diplococci)  adhering  to  them  by 
2  h  incubation.  Figures  I  a  and  1  c  are  representative  examples  of  the  degree  of  adherence 
observed.  In  our  method,  adherence  of  meningococci  to  the  glass  slides  was  extremely 
low  and  consequently  such  background  did  not  interfere  with  interpretation  of  results. 
Adherence  was  not  detected  at  appreciable  numbers  for  the  other  three  isolates  during 
the  3  h  incubation  period.  The  results  obtained  with  SJ-1766  and  SJ-1770  are  shown  in 
Figures  2a  and  2c.  Similar  results  (not  shown)  were  obtained  with  SJ-1776.  All  five 
isolates  were  found  to  be  piliated  and  to  possess  abundant  extracellular  material,  and 
what  appeared  to  be  cell  wall  blebs  (Figs,  lb.  Id,  2b,  and  2d). 

Pili  were  most  often  seen  in  large  bundles  (Figs,  lb  and  2d)  which  were  usually 
poorly  resolved.  However,  individual  component  pili  could  be  observed  where  the 
bundles  had  frayed  (Fig.  2d).  The  frayed  bundle  shown  in  Figure  2d  revealed  that  the 
bundle  was  composed  of  a  great  many  individual  pili.  The  abundant  extracellular 
material  observed  on  the  isolates  can  be  seen  in  Figure  Id.  In  this  case,  the 
preponderance  of  ceil  wall  blebs  (B),  extracellular  material  (C),  and  bundles  of  pili 
precluded  the  resolution  of  the  cell  outline.  (Note  that  the  magnification  for  Figure  Id  is 
identical  to  those  for  Figures  lb,  2b,  and  2d.) 
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It  is  interesting  to  note  that  isolates  SJ-1749  and  -1770  which  were  of  the  same 
serotype,  7,  and  which  possessed  pili  in  large  bundles  (Figs,  lb  and  2d,  respectively)  did 
not  show  similar  degrees  of  adherence.  The  former  isolate  adhered  strongly  whereas 
adherence  of  SJ-1770  was  minimal. 

None  of  the  five  isolates  of  N.  meningitidis  adhered  to  HEK  cells  after  a  total  of  7 
subcultures  (results  not  shown).  In  addition  there  was  a  total  disappearance  of  pili 
during  subculture  (Fig.  3).  Extracellular  material  and  cell  wall  blebs  were  also  less 
evident. 

Adherence  of  N.  gonorrhoeae  Colonial  Types  to  HEK  Cells 

Colonial  type  T,  N.  gonorrhoeae  cells  were  found  to  adhere  readily  to  HEK  cells, 
and  to  be  heavily  piliated  (Figs.  4a  and  4b).  Adherence  was  as  great  as  that  observed 
with  N.  meningitidis  isolates  SJ-1749  and  SJ-1779,  and  similar  levels  of  adherence  were 
observed  in  over  90%  of  the  HEK  cells.  Colonial  type  T4  N.  gonorrhoeae  cells  did  not 
adhere  (Fig.  4c),  nor  did  they  possess  pili  (Fig.  4d). 

DISCUSSION 

Model  systems  of  infection,  in  the  case  of  N.  meningitidis  and  N.  gonorrhoeae, 
may  represent  the  only  fruitful  approach  for  elucidating  the  virulence  determinants  of 
these  organisms.  In  the  present  study,  adherence  of  N.  meningitidis  to  HEK  cells  was 
studied  with  the  express  purpose  of  examining  what  role,  if  any,  pili  might  play  in 
adherence  to  epithelial  tissue. 

HEK  cells  were  selected  for  this  study  for  several  reasons: 

1)  being  human  in  origin,  they  represented  a  cell  type  of  the  natural  host; 

2)  they  are  epithelial  cells,  and  N.  meningitidis  infection  is  presumed  to 
originate  on  nasal  mucosal  epithelial  tissue; 

3)  being  embryonic,  HEK  cells  should  be  devoid  of  any  immune  mechanisms 
available  to  the  natural  host; 

4)  well  separated  cells  were  readily  obtained  in  tissue  culture  using  the  simple 
procedures  outlined;  and 

5)  stock  cultures  of  HEK  cells  were  easily  preserved  by  the  freezing  method 
outlined. 

Well  separated  HEK  cells,  as  opposed  to  complete  monolayers,  were  used  in  the 
adherence  studies  to  allow  for  an  accurate  assessment  of  adherence  to  individual  cells  and 
to  avoid  possible  confusion  due  to  encroaching  cells. 
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Two  of  five  serogroup  B  nasopharyngeal  isolates,  taken  from  the  same  class  of 
recruits,  were  found  to  readily  adhere  to  HEK  cells,  after  one  subculture  from  initial 
isolation.  These  results  indicated  that  the  adhering  isolates  possessed  characteristics 
which  were  not  possessed  by  those  isolates  incapable  of  adherence,  and  that  presumbly 
these  characteristics  resided  on  the  bacterial  surface.  However,  all  the  isolates  appeared 
to  be  ultrastructurally  similar,  and  all  possessed  substantial  numbers  of  pili,  cell  wall 
blebs  (similar  to  those  observed  by  DeVoe  and  Gilchrist  (23)),  and  considerable 
quantities  of  extracellular  material.  These  results  strongly  suggest  that  pili  are  not 
mediators  for  adherence  of  N.  meningitidis  to  HEK  cells.  A  special  pilar  type,  involved 
in  adherence,  would  have  to  be  postulated  in  order  to  maintain  that  pili  were  mediators 
for  adherence  in  this  case. 

It  was  also  obvious  that  a  similar  antigenic  structure,  according  to  the  system  of 
Frasch  and  Chapman  (19,  20,  21),  did  not  result  in  a  similar  degree  of  adherence.  No 
isolates  possessing  the  serotype  2  antigen,  which  has  been  claimed  to  be  a  virulence 
marker,  were  included  in  this  study,  however,  and  further  study  of  fresh  isolates  (i.e.  less 
than  2  subcultures  removed  from  initial  isolation)  of  this  serotype  may  reveal  a  positive 
correlation  with  adherence. 

The  large  bundles  of  pili  observed  on  these  isolates  have  not  been  observed  during 
a  previous  study  of  many  primary  cultures  of  N.  meningitidis  (23),  although  they  have 
been  previously  observed  in  association  with  N.  gonorrhoeae  (24).  The  ability  to  adhere 
was  lost  from  the  N.  meningitidis  isolates  during  seven  subcultures.  There  was  also  a 
concomitant  loss  of  pili  from  all  the  isolates,  a  phenomenon  which  had  previously  been 
reported  to  occur  in  as  few  as  two  subcultures  (23). 

Our  results  with  N.  gonorrhoeae  are  in  general  agreement  with  the  results  of 
previous  studies  (11,  12,  13,  14),  and  support  the  contention  that  gonococcal  pili  mediate 
adherence  to  cells. 

The  present  is  the  first  report  of  adherence  of  N.  meningitidis  to  animal  cells  in 
vitro.  Although  absolute  differences  in  the  ability  to  adhere  to  HEK  cells  were  observed 
in  a  set  of  serogroup  B  isolates,  indicating  that  variations  within  a  serogroup  must  exist, 
any  relationship  between  adherence  and  virulence  of  N.  meningitidis  remains  to  be 
established.  Studies  using  suitable  infection  models  will  hopefully  be  useful  in 
establishing  any  relationship  between  adherence  of  N.  meningitidis  to  epithelial  cells  in 
vitro  and  virulence  in  vivo,  and  we  are  presently  working  in  this  direction. 
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Figure  1 

Adherence  of  N.  meningitidis  isolates  SJ-1749  and  SJ-1779  to  HEK  cells.  N. 
meningitidis  isolates  were  subcultured  once  after  initial  isolation,  and  allowed  to  adhere 
to  HEK  cells  for  2  h.  Figures  la  and  Ic:  light  micrographs  of  SJ-1749  and  SJ-1779 
respectively  (both  5,000  x).  Figures  lb  and  Id:  electron  micrographs  of  SJ-1749  and 
SJ-1779  respectively  (both  15,000  x ). 
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Adherence  of  N.  meningitidis  isolates  SJ-1766  and  SJ-1770  to  HEK  cells.  N. 
meningitidis  isolates  were  subcultured  once  after  initial  isolation  and  allowed  to  adhere 
to  HEK  cells  for  2  h.  Figures  2a  and  2c:  light  micrographs  of  SJ-1766  and  SJ-1770 
respectively  (both  5,000  x).  Figures  2b  and  2d:  electron  micrographs  of  SJ-1766  and 
SJ-1770  respectively  (both  15,000  x). 
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Appearance  of  N.  meningitidis  isolates  after  seven  subcultures.  Figure  3a:  SJ-1749; 
3b:  SJ-1779;  3c:  SJ-1766:  and  3d:  SJ-1770 (all  15,000x). 
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Adherence  of  N.  gonorrhoeae  colonial  types  T,  and  T<  to  HEK  cells.  Cells  of  N. 
gonorrhoeae  colonial  types  T,  and  T4  were  allowed  to  adhere  to  HEK  cells  for  2  h. 
Figures  4a  and  4c:  light  micrographs  of  T,  and  T4  respectively  (both  5,000  x). 

Figures  4b  and  4d:  electron  micrographs  of  T,  and  T4  cells  respectively  (both  45,000  x ). 
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